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K©flM8;*7S:Hc2£Lfc££, Hc2 < HrT?$>S * tf> h > ^/I/fiKA^^IRtC 
feVNT> SSfl3TaJ***^ISrSBSSa»Ktt*IRi:©iartCTa, Zr, Hf*.fett£*l&<0 
^f)«ST*IS:SH «T«*±©«rflSiRlft«ttl»tt©*lif©¥i&l!aia3^ 

#»tt»K/« 4 ©«tt mm/m i (Drnmrnm/ h y * jva u rm/m 2 
mm/±mmmm & z-mmizmm u fe«3t^ & & y , tsta^ 3 (Dm^mmti^4 

2i:bfei:^, Hc2 < Hr-efe^^ti o > h>*;w&^|gm^igic£v>T, tufar 

SP»^Mi:B&fHM^tt^i:©raiCTa, Zr, Hf * feliZltl 6<D^*» 
ifiJifctttf, KT*JiJt©WflEfi!ftiKffi»«©*ffi©¥^iai!!r^O. lfre>5;t 
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§|(Z)«;d£:Hc2£: L£££, Hc2 < Hr^&£* tf y b >*^««St/t«r*RKl 
fc^T, BrfsBT^«®JS^t&fam2©^MM^©raiCTa, Zr, Hf £ fetertl £ 

Hc2 < Hrt$)SXH°> h>*;i/.^S*t^RlC^V>T, ifrfHTSPtt 

mm t:wmm 2 (Dm&mm nomizia, zr, Hf*7t(i^ti^©^^^^sT^ 

^RJCfc^T, ^^tt^M^PtMn, PtMn-X(XttRu, Ir, Cr, Fe, Co, Ni, Pd 
, Rh), PdMn, NiMn £ f- \*Z *i 6> < £ =fo 2 igfr £>5g#{3 4xS#4t3^ & & S 

r h &#$t ^ 5 iM7 © -r tit* icmma * t? > b > * ;nK^strt;8& 

1] 2 Ni, Fe, Co, FeCo, NiFe, 
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, cr, Rh, ir^r-it^n^<D^r^< t^2m^^mm^n^^^^^v, 

, fufH3fl3 fflif»lX(i^4 <DM>&mmmo, FeCo, NiFe, NiFeCo^^^^- 
ffi*»^h©#®JCCo, Fe, FeCo^7^liNiFeCo$r 1 2 0>T>^^ h n-A#A 

■ o 

[SNfcgi 7] »^^175M1 6 ©v^tifrtc by*;im% 

m,ffi®Mmz>m&j3miz&^T. mmw&*fflffli-2>^mi}\ /&jbi^{c i o~ 6 to 

rr^e> 1 0~ 9 Torr#J±©^ffi, Sift, V> lid tub© 

"T S 5: & A L T "T S 3 h fc J: 3 3 i: & £ f £ * fcf > h > * ;i/?K£C$g 

mm^m©^^^{cfeVNT, *WBai»iS:1W#¥**#«#, ^.mmzi 0~ 7 To 
rr^P, 1 0~ 8 Torr#J±©mii> g|Jt, V%li3tl 
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w,m®%:m<nm&%mzi3^x, mmw&itffl'ffl^z>^mt)\ Ta, zr, m^r^t 

m^m2 o] m^minmi (D^irnwcmmcDx^y hy*)imM,& 
o °c a t iz &m z z. t jc j; £ z. t & t -r •§> x tf y h y * jim^mvc mmm 
m^m2 1] m&msmm<Dx¥yby*)imMm,ffimmm(Dmmj3m 

fC£VNT> ItffB h>^;Wt>J 7f^ l 0 _7 Torr#Mb 1 0 "^TorrOK^'t'tC^ 
& Z> v x li^ III & S v /> ttgftfjt 5- V ;v$> £ v % te^fji # ;b £ # x £ mx 0 , 

[if #^2 2] af$£2 HB^h^^^Aurs^sft-fb^svNiiS^ 

[f#S2 3] »^«173rMl 6©V^rn^K:lB*©«A«tftS»*liS:, 
^WSSrO.l^^l.O/tmfcL,' SR^tttrO.l ^^l.O/tmiiU ^^5:40 

?:*i:$tS#IW5ri:^i:t5iM2 3 fEIStf)* tf y b y 

s 2 4 ib^© x bf > h y * jmm.mmmmm^. 

[f#S2 6] f^2 3, 2 4 2 5fB«£>X£°> h>^M» 

?«it^<z)±T & 2/ - ;u ram zmtz mmmttnv i* s ^ ««ag^ e> & s 2/ - 

[»#^2 7] 1^2 3, 2 4Xtt2 5 fB«(Z) X ti° > b > * JW&&m,ffi 
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mmm* iz v - jv bwm &m-t& mm^um-vm^m^ * m < mm. & e> & s a - 

[If #3(2 9] ^a^fH#^tcfH^$ 
*ifcfiN8&g£ , *-£ft:££2 6Xli2 7 tcSB«<Z>«8acjKtn;-& fc, 

[0 0 0 1] 

t~tb(Dx¥y by^jvmHmm^m^^z^ttazm^^^^y by*;imn 
mmm^mizmL, mizmv<iz^z^mmRx±g&&±iikmm-tz>x¥y 
b y ^ jvmnm,mm^m. ^^yby^^m^m^nmrn^ %.z$*<Dm*itm 
v % tc 7s tr y h > * jim^mm -t > « o^^uss tc bb -r £ ^ <d t* & s . 

[0 0 0 2] 
Cft*CD&flS] 

jsct tsmn^SEfl; -t z> m&.&tfc%j£km&tfmti* = ^ com; © ft ^ # wt* & 
zm&izizmffimitm'httev. R^nx^^m^izitmrnm^^nmizmc 

TSMtU M;©ft£;tf&ft£ 
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PI, P2£-*&£ % 2PlP2/(l-PlP2)-e^$tlSo Z.<Di£i** MJKDftffimtfXg^ 

&M(DfaJiiz.J: 2 o%ii^e)gilrffl{C3a^^«mb^$:^t-^'[4 N>, 

[0 0 0 4] 

z.o L,t~*i*&M%m.mmtmzm&Lx^zttmM£LT. ri 9 96^4B> 

*?V-i-Jl • • 7 "7°^^ K • -7 4 Vv 7 7., 79#, 4724^ £>4729K (Journ 
al of Applied Physics, vol. 79, 4724—4729, 1996) J , ["1997^ V^-± 
)]/ • ^TZf - yy°^^ K • 7^i/-y^X, 81^, 3741-3746H. (Journal of Appli 
ed Physics, vol. 81, 3741-3746) j tf$>Z> a r®i§f!T'it Sig=K_tC20 nm 
<Z)Ptfl|;fi Sr^JgU ^:<D±iZA nm©NiFejg., 10nm<£>FeMnjf> 8 nmcDNiFeJff, 1-3 
nm(DAl Zf&m%i> H7'7X7i: J: »J Alftfbl)t£ftgj& U ^eV'^TJiBPIilfili: IT 
©8 nm©NiFeM{C3gglM^I^$:M#LT^-g> 0 ^(DiH^Cfc V^, ^^22% 

[0 0 0 5] 

— r T^9'f K * "7 4 Vv V 7» • 72^, 605-607K, 1998^(Ap 

plied Physics Letters, vol. 72, 605-607, 1998) J NiO^M^^'ffiMM 

£ L/T«SLfeCo/Al203/Co/NiO*S#^©3a«Ktt N iiStl 

y& 7 2/ a > • • ?^*f^ V 33^, 3553-3555S. 1997*£ (IEEETra 

nsactions on Magnetics, vol. 33, 3553-3555, 1997)j Feting ^3&^<f£ 

ft i: L T M V n N i Fe/Co/A 1-A 1 Ox/Co/N i Fe/FeMn/N i Fe& £ fllJEft © N > * 71/ 

x % tf > / \*;i/ 7 4: B $ & % <d # e> ti r £ $8 # L T v % £ „ 

[0 0 0 6] 
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[0 0 0 7] 
[0 0 0 8] 

<SVNFeMn (^fU^^-yVUmi 5 0°C) , NiO (^n V * > 2 0 0 °C) £ 

[0 0 0 9] 

[0 0 10] 

300°CJ£*_h<£>^V^D Lt, PtMn, P 

[0011] 
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[0 0 12] 

.fc^SiSt, -Bkmr$(DMmtpMtMm ( PtMn-e2 5 0°C, PdMnT"2 3 0°C. NiM 

nt2 7orj«±, smmnm) mit^So 

[0013] 

[#Bej?tf8?& L <fc e> £ iT sfHII] 

*-)ium(Dm^?tm, pdMn, mnntezzH^zm^. jx&m&m mmw & 

*^IT b t L t ^ i: ^ e> P^l^fe o to 
[0014] 

£ *l& V> £ V% e> ^1^$) o 
[0 0 15] 

, ¥y*-;i<DBWK& 'Jiiv-«4u ^*g^tt«Hgr ut b £ 

[0 0 16] 

W2 000-21541 5 e>*lTvV£^ 

mmwiz by*)irtVTm<Dmmiz.Ji-z.z>&m$'j>te<. %W£-*z>m$Li& 

[0 0 17] 
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[0 0 18] 

hc2 < nrT*&&z£znm£^£x¥yby*;vm%mu%jSfkmiz&ttz>, 

[0019] 

T%«tt. ^y hy^jmm.mmmmm&^m&ZLg'Mmicisvz&witw 

miZ-tZM^ZBL, Ta, Hf, Zr^fe«^n^©^^M* bV^ 0 ^<Z)f$T*&Ji 
£LTTa, Hf, Zr£;U£^:ft£<Dl^£fflV^|§ilN llt^te 10*6100*> 

[0 0 2 0] 
[0 0 2 1 ] 

*l§B^©S^^ttfl{CM^^§S3llStt*^i, PtMn, PtMn-X(X&Ru, Ir, Cr,F 
e,Co, Ni, Pd, Rh), PdMn, NiMn£ f-lZZtl h (D'pte < £ & 2 m& 
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[0 0 2 2] 
[0 0 2 3] 

[0 0 2 4] 

£fc ■ &.®M&m.<D 3 tti3W£h* o. l 5*>^x hn-Ah-T^r hie J: 
U, ^(©-hlC^Jgt-^^ffi^^c^M^H^fit^^y, $»IIC h>*;wt 

ittiifc J:?;f tii:iiti.gttiii§: 2 o orA^3 o o°ct««a 

[0 0 2 5] 

±IB?Kffi»R^lf(O¥*&IHId!rS:0. 1 & 5 *> h n - AiC 
fRHaf-TSfctt, fi&JgmiCl 0" 6 Torr^^l 0 " 9 Torr^JE©K3R, Tfcfft 

[0 0 2 6] 



2001-3080284 



#20 0 0—399868 



h,\zwm^z>tc&>. f$m*^mmu&it o'cuTizftm^zz. t%m^mv&^> 

[0 0 2 7] 

m t & v ^mmm & m -t & r ^ ;i/ ? r * «tt*m t. im^ ±mmm m t. <d mmm 

[0 0 2 8] 

jW*LV* 0 j:U^^^iC«, CoZrNb, CoZrMo, CoZrTa, CoZrTaCr& E tf&lf £ 
[0 0 2 9] 

'SS_t(C«JlLfe^Stt^a^i:^'5Ta, Zr, Hf, Pt, Ru, Au, Cu, Mo, $>& 
[0 0 3 0] 

*^fflh>*;iAU7lit AlMfcftflE, Al^ffcjgl, Talffbl, MgM;B|&£ 
y*)lAVTmiZ. 1 0" 7 Torr^P> 1 0 ~ 10 Torrtf)K£*JC, £ V^i^Ht 

[0 0 3 1 ] 

'ffih^r— 3 £#RTtg-£3D£ 0 h>^;i/AU TJi^ffSti 
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[0 0 3 2] 

bt^J L<&v^ 1)1^ 3 h n - AJ«TC^^ i:, tiff 

br>jfc-;i/&«bfcy-*«^©i&##^£fcy, 
St^fb^aHET-T-So *|g0^(Z)^^tt^JK^CMV^-g>^'^^^(Da^{iNi, Fe, Co, Fe 
Co, NiFe, NiFeCo^^«Zltie>©^^*W* L/VN„ 
[0 0 3 3] 

[0 0 3 4] 

mmzm<-t ^ztizx^x^^<v^^> 0 mm. 

NiFefcl 0 * y ?X b U - AgS<Z)JP£ fC^S M#ffifiB#Hk2&fiH8;frHc2 J: 
[0 0 3 5] 

. L T r. © J: e> lRJ©flW»ttlK«*^K iT -5 r i: IC J: y J?3fe £ 

-So 

[0 0 3 6] 
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mtm&^m&mm cmiawnmm) ay^sntmMm^^ BL&M&wmtm 
tbt>ia^mimm (mzomnmm <DVtAk&&n* 

[0 0 3 7] 
[0 0 3 8] 

h >*;W\*U TM#MtCCo, Fe, FeCo£ feliNiFeCo^ffAi"^ 3 £ICJ: »J , 

A-t-^MffcoTPStt l *y>f7. V a-A-£&£ 0 ^tiJ^Ti?tt, mA%}$kt>m'P 

[0 0 3 9] 
[0 0 4 0] 

m (m 1 (Dmvtmm) borate Km&>&mz^i$^tc.Mm&m/imwmm/ 

[0 0 4 1 ] 
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}£Ru, Cr, Rh, lr$.f-lZznb<D&te< £&2mfrbMffi.Zft£&&X*$>ZZll 
[0 0 4 2] 

ELmmiz&v2>#m&m<Dmmiz> 4^1 07ty<y*hu-i±x* &m 

&&ftffi&LfcEtmmiZjS1rf Zm&Mi*. Co, FeCo, NiFe, NiFeCofrP,&£ 0 Z 
[0 0 4 3] 

9 s\ if y y zmmmMtemjjtf mm £ n s . 

[0 0 4 4] 

ifc^UKSfM&fc bTtt, CoCr, CoCrTa, CoCrTaPt,CoCrPt, CoNiPt, CoNiCr, C 
oCrPtSi, FeCoCrfcif##£ Lv\ 0 f bt, 3 *l £ ©ifc^K^SMKCDTfllSJi £ b 
T, Crfc^tfM^&tlTfc.fcV^ S^ilLTli, Si, MgO, A1203 

, GaAs, V^=yA K CaTi203, BaTi203. Al203-TiC48t§:J8v>«5 £ fc#T?#S„ 
[0 0 4 5] 

en c tiMT- mjim mm iz j: y mm t & z. t # r*£ « „ 

[0 0 4 6] 

MBI^LT, Ta, Hf, Zr, Ti & Zifimm 3 tlT %» J: < , $ £ JC, iiMffi^mfc 
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[0 0 4 7] 

a >r r * ij &m v n r v \ s z: £ #<g^-e & & . 

[0 0 4 8] 

4(a) T*^^r^<^TO#H^«#M<7)M^tt^#Hk2i:-^©^tt^JK© 
[0 0 4 9] 

±\zj&m-znr=.*\£y h>^;i/l^i*n i «^io_h{cr% 

[0 0 5 0] 

u^rffi*«f?f#s4xTv^ a fix, m2(Dm^mm6(Dm^mm%mmmi^ 
<Dm^mK<D*£zizm&LTm&-f$>z.£iz& y, s^t^-ftb^s:^^ 

[0051]' 

0 0QiM§Wfe§ o irt, M^&tWtca^ftcDiM 
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i&;fr£Hc2, M^tt^#$:Hk2i:t--5 ( 0 < Hk2 < Hr )„ 
[0 0 5 2] 

Hr=(Hrkl+Hrk2)/2©K^i:^So **J, ^BP^#H£ H < -Hk2 £ tjt £ <fc o \Z 

muhT&< mm (a) > „ ^<z>t$, ittii4^6©^i6i{t h^wf 

D — (A) ^ElKlfaV^T^So 

[0 0 5 3] 

&IC>M8MK»£&«>T^< £ -Hk2 < H < Hk2 («C (B) ) lC;i3V*TflBtt3l 
m6<Dmitlt + Jjfalzm$RL, Hk2 < H < Ha2 ©M^C (C) Ttt> ttttftMMR 
tf6©&ffc;frffltt2^K:j£fflgK:fcS 0 3SJC0-SM8t&£:*:£< U£Ha2 < H< Hr 
k2tf)«c (D) lfifl4©lft%MlRt, Hrk2 < H<D«c (E) XiZM 

tti!4 &t>* 6 oD^fb^rRiii+^i^icfijo x i*j< o 

[0 0 5 4] 

04 (b) izB^&^iz, z<Dm<nmm*mmmm4RTt6<DttMw&mitj3 
mzz^xmth. i£umMm®.xw.mmzmik\^. mm co xm^m^z 

[0 0 5 5] 

*$&m(Dx^y by*)\/mumffimmm?-z:Wifimffiz&mi'XWim-t2>. m 

1 (a), HI (b), H2 (a) MM 2 (b) tt, *|g^CD^MT*$>5 X 

tf > h > * ;i/ ttftsfttt juK<z> ^ ti <z> © * a & ^ -r & mwm x & s . 

[0 0 5 6] 

Ml (a) tCfc^T, *fcT> h>*^/«»fitFtS»**^-tt, T»I9, T 

mm i > &3ttt&&R 2 zmm l i o ±tcsg 1 0>«m£#i& 4 2 

*K6&*U, MfH2JS«)Si4*1^4, 6 ©rate h>*;wtu 715 
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[0 0 5 7] 

Z&mm&WmtFeCo, NiFe, NiFeCo©^3&< il=b— JB^e,«^Stl* 0 
[0 0 5 8] 

[0 0 5 9] 

-2f, mi (b) icfeVNT, ^tf> h^^/nK^cSSt^m^ii, T^ill 

[0 0 6 0] 
[0 0 6 1] 

X. 0 2 (a) ICfc^T, Xtf> T8l$m«JB 9 

.«2©«ttj»K6 i:±»m*Ji7 silts. 

[0 0 6 2] 
[0 0 6 3] 

— in 2 (b) (cj&vNTte, *\?y h>*jvmM,w.ffc%j$km*it. T%mm 
±izm 1 ®«f£i»R 4 , & i: jr 3 b &jtisTRym&MKm'& vitm 
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[0 0 6 4] 

ffi. ±SHL£01 (a) ^P>02 (b) IznxBZnZ&Ppit. IM<»®fC 

[0 0 6 5] 
[0 0 6 6] 

[0 0 6 7] *~ 

mwLULTTjv?-*; tmmzm^nQmmocpizAft. 1 o~ 8 Torr j^t^t* 

IKTa, Zr, Hf)J#ffllU jg^Sfc^JEE (*?£L<14 1 0~ 2 fr*> 1 0" 8 Torr) ©g& 
[0 0 6 8] 

^©iftlgli, O" 7 Torr J^T> b< 14 1 O -10 To 

, 1 0 f,10" 9 Torr#J± ( «fc »J # £ L < 14 1 0 ~ 7 fr MO _8 Torr#j±) © 
^&S^l47K^fe'5v%l4^S:^A-r5c 
[0 0 6 9] 

f lTMftfl3, M^|]g|3A, 3B, 3C^^HMIt5. ^<Z)|^ 
[0 0 7 0] 
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[0 0 7 1 ] 

«Mg£fS;|*U IIeITSSS^IO'^^IO" 10 Torr^LT, mm&zw* 
[0 0 7 2] 

$<=>{C, Zl<Z)±{C^#?:^"rs^2(Z)^ffi^6fe.J:t> , ±:gP«@S7 
* »A U 5 Zft L X 3 tl £ 535 2 CD^tt^H 6 CD&fbMtll £ 

[0 0 7 3] 

Mv^r<DaMBI£#DityFtCA;fU 3kOe^P>2 0 kOetf) D C £ ^c^^b-q 

JS^W^^-ft^ifiKcML^^^ 2 o o°c^e> 3 o ortttii, b> 

[0 0 7 4] 
[0 0 7 5] 

, ^'iS^m^^^^M^JCoV^T^O. 2^<b2. 0t>^bD-A/# 
[0 0 7 6] 

& MX. iSSub/CoZrTa (1 A m) /Zr (30 A) /PtMn (250) /CpFe (30) /Al (7) -ox/CoF 
e(10)/NiFe(60)/Zr(30)^^$tlT^^>^, *f£_h&CCoZrTa$*||g| £ 1 ^ 
□ Zr$*gjg|£ 3 0;f>^X hn-A. PtMn£i&M^|BI£ 2 5 0 2f->^ 

Xhn-A, CoFemm* 3 0*yV* h D-A, Al?igg|£ 7 h d - A« 

NiFe^KS:6 0;*>^ hD-A, imm* 3 0^->^X h □ - AJlE^JKf 
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[0 0 7 7] 

fflV^SR^^flDXOfc,, * "f, T*SiM07* h US?^ N (PR) SrJgffc 
[0 0 7 8] 

[0 0 7 9] 

i^Ti^t-f X<Z)PRS:35bfc**«Sia©J|ift»« (Al 2 0 3 ) Sr^Kf S. -£tf> 
[0 0 8 0] 

- 7 0 0^& 7 0 0 0e*7?3E^S. : &fci:#-©S*n:S:4SB^*SlCJ: UML, 

»6i^ii^AR/R^#i?)fc 0 *sm^fc^AR/Ri±, m^mmm 

[0 0 8 1] 

AR/R= (Rmax-Rmin) /RminXlOO (%) 
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[0 0 8 2] 

h >*;i/AU rJSAi-Ox 

a. Sub/CoZrX(l fi m)/(Ta,Zr,Hf ,Ti) ( 10-100A)/NiMn(30-400)/CoFe(10-100) 
/Al(3-20)-0x/CoFe(l-40)/NiFe(l-100)/Ta(5-50) 

b. Sub/CoZrX(l # m)/(Ta,Zr ,Hf ,Ti) ( 10-100A)/PdMn(30-400)/CoFe(10-100) 
/Al(3-20)-0x/CoFe(l-40)/NiFe(l-100)/Ta(5-50) 

c. Sub/CoZrXd/i m)/(Ta,Zr,Hf ,Ti) (10-100A)/PtMn(30-400)/CoFe(10-100)/ 
A 1 (3-20) -Ox/CoFe (1-40) /N i Fe (1-100) /Ta (5-50) 

d. Sub/CoZrX(l fi m)/PtMn (30-400) /CoFe( 10-100)/A1 (3-20) -Ox/CoFe (1-40) / 
NiFe(l-100)/Ta(5-50) 

e. Sub/CoZrX (1 /i m) / (Ta ,Zr ,Hf ,Ti) (10-100 A) /FeMn (30-400) /CoFe (10-100) / 
Al(3-20)-0x/CoFe(l-40)/NiFe(l-100)/Ta(5-50) 

f. Sub/CoZrX(l ^m)/(Ta,Zr,Hf,Ti)( 10-100A)/NiFe(l-100)/CoFe(l-40)/Al 
(3-20) -Ox/CoFe (10-100) /NiMn (30-400) /Ta (5-50) 

g. Sub/CoZrX(l fi m)/(Ta,Zr,Hf ,Ti) ( 10-100A)/NiFe(l-100) /CoFe(l-40)/Al 
(3-20) -Ox/CoFe (10-100) /PdMn (30-400) /Ta (5-50) 

h. Sub/CoZrX(l /i m)/(Ta,Zr,Hf ,Ti) ( 10-100A)/NiFe(l-100)/CoFe(l-40)/Al 
(3-20)-0x/CoFe(10-100)/PtMn(30-400)/Ta(5-50) 

i. Sub/CoZrX(l m m)/NiFe (1-100 A)/CoFe(l-40)/A.l (3-20) -Ox/CoFe (10-100) 
/PtMn (30-400) /Ta (5-50) 

j. Sub/CoZrX(lA m)/(Ta,Zr,Hf ,Ti)(10-100A)/NiFe(l-100)/CoFe(l-40)/Al( 
3-20) -Ox/CoFe (10-100) /FeMn (30-400) /Ta (5-50) 
2. h>*;bAU TiSAl-Nx 

a. Sub/CoZrX (1 # m) / (Ta ,Zr ,Hf ',Ti) (10-100 A) /N iMn (30-400) /CoFe (10-100) / 
Al(3-20)-Nx/CoFe(l-40)/NiFe(l-100)/Ta(5-50) 

b. Sub/CoZrX (1 m) / (Ta , Zr ,Hf ,Ti) (10-100 A) /PdMn (30-400) /CoFe (10-100) / 
Al(3-20)-Nx/CoFe(l-40)/NiFe(l-100)/Ta(5-50) 
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c. Sub/CoZrX (1 fi m) / (Ta ,Zr ,Hf ,Ti) (10-100 A) /PtMn (30-400) /CoFe(lO-lOO) / 
Al(3-20)-Nx/CoFe(l-40)/NiFe(l-100)/Ta(5-50) 

3. b>^;VA'J TSTa-Ox ' 

a. Sub/CoZrX(l/tt m)/(Ta,Zr,Hf ,Ti) (10-100A)/NiMn(30-400)/CoFe(10-100)/ 
Ta(3-20)-0x/CoFe(l-40)/NiFe(l-100)/Ta(5-50) 

b. Sub/CoZrX(l^t m)/(Ta,Zr,Hf ,Ti) (10-100A)/PdMn(30-400)/CoFe(10-100)/ 
Ta(3-20)-0x/CoFe(l-40)/NiFe(l-100)/Ta(5-50) 

c. Sub/CoZrX (1 a m) / (Ta,Zr ,Hf ,Ti ) (10-100 A) /PtMn (30-400) /CoFe(lO-lOO) / 
Ta (3-20) -Ox/CoFe (1-40) /NiFe (1-100) /Ta (5-50) 

4. h y%)VAV TjfMg-Ox 

a. Sub/CoZrX(l/i m)/(Ta,Zr,Hf ,Ti) (10-100A)/NiMn(30-400)/CoFe(10-100)/ 
Mg(3-20)-0x/CoFe(l-40)/NiFe(l-100)/Ta(5-50) 

b. Sub/CoZrX(l n m) / (Ta.Zr ,Hf ,Ti) (10-100 A) /PdMn (30-400) /CoFe(lO-lOO)/ 
Mg(3-20)-0x/CoFe(l-40)/NiFe(l-100)/Ta(5-50) 

c. Sub/CoZrX(l/i m)/(Ta,Zr,Hf ,Ti) (10-100A)/PtMn(30-400)/CoFe(10-100)/ 
Mg (3-20) -Ox/CoFe (1-40) /NiFe (1-100) /Ta (5-50) 

5. CoFe/(Ru,Cr,Rh,Ir)/CoFe^ftJg 

a. Sub/CoZrX(l n m)/(Ta,Zr,Hf ,Ti)'( 10-100A) /PtMn (30-400) /CoFe (10-50)/ 
(Ru,Cr,Rh,Ir)(4-16)/CoFe(10-50)/NiFe(0-40)/Al(3-20)-0x/CoFe(l-40)/NiFe(l 
-100)/Ta(5-50) 

b. Sub/CoZrX(l ^ m)/(Ta,Zr,Hf ,Ti) ( 10-100A)/PtMn(30-400)/CoFe(10-50)/ 
(Ru,Cr,Rh,Ir) (4-16) /CoFe(10-50) /NiFeCo(0-40)/Al (3-20) -0x/CoFe( 1-40) /NiFe 
(1-100) /Ta(5-50) 

c. Sub/CoZrX(l fi m)/(Ta,Zr ,Hf ,Ti) (10-100 A)/PtMn(30-400)/CoFe(10-50)/ 
(Ru,Cr,Rh,Ir) (4-16)/CoFe(10-50)/NiFe(0-40)/Al (3-20) -Nx/CoFe (1-40) /NiFe (1 
-100)/Ta(5-50) 

d. Sub/CoZrX(l n m)/(Ta,Zr ,Hf ,Ti) (10-100 A)/PtMn(30-400)/CoFe(10-50)/ 
(Ru,Cr,Rh,Ir) (4-16) /CoFe(10-50)/NiFeCo(0-40)/Al(3-20)-Nx/CoFe(l-40) /NiFe 
(l-100)/Ta(5-50) 
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e. Sub/CoZrX(l n m)/(Ta,Zr,Hf ,Ti) (10-100 A)/PtMn(30-400)/CoFe(10-50)/ 
(Ru ,Cr ,Rh , I r) (4-16) /CoFe (10-50) /NiFe (0-40) /Ta (3-20) -Ox/CoFe (1-40) /N iFe (1 
-100)/Ta(5-50) 

f. Sub/CoZrX(l fi m)/(Ta,Zr,Hf ,Ti) (10-100 A) /PtMn (30-400) /CoFe(10-50) / 
(Ru , Cr , Rh , I r) (4-16) /CoFe (10-50) /NiFeCo (0-40) /Ta (3-20) -Ox/CoFe (1-40) /NiFe 
(l-100)/Ta(5-50) 

g. Sub/CoZrX(l n m)/(Ta,Zr,Hf ,Ti) (10-100 A)/PtMn(30-400)/CoFe(10-50)/ 
(Ru,Cr,Rh,Ir) (4-16) /CoFe (10-50) /NiFe(0-40)/Mg(3-20)-0x/CoFe(l-40) /NiFe(l 
-100) /Ta (5-50) 

h. . Sub/CoZrX(l n m) / (Ta ,Zr ,Hf ,Ti) (10-100 A)/PtMn(30-400)/CoFe(10-50)/ 
(Ru , Cr , Rh , I r) (4-16) /CoFe ( 1 0-50) /N i FeCo (0-40) /Mg (3-20) -Ox/CoFe (1-40) /Ni Fe 
(l-100)/Ta(5-50). 

i. Sub/CoZrX(l ju. m)/(Ta,Zr,Hf ,Ti) (10-100 A)/NiFe(l-100)/CoFe(l-40)/Al 
(3-20)-0x/NiFe(0-40)/CoFe(10-50)/(Ru,Cr,Rh,Ir) (4-16) /CoFe (10-50) /PtMn (30 
-400) /Ta (5-50) 

in e tti^s^ co a v r mm<&& iz m z> , a-s^ mam ihi ta^#« & § „ 

[0 0 8 3] 
[0 0 8 4] 

Zl 31 T? & > Sub/CoZrTa ( 1 # m ) /Ta (100 A ) /PtMn (200) /CoFe (20) /Ru (6) 

/CoFe(20)/NiFe(10)/Al(3-20)-0x/CoFe(10)/NiFe(50)/Ta(50) h U EI tf © (HI G 
»S3fi«lffif»ffll (PtMn) ©^®^IHIi5<Z)iiiS:^LTV^S 0 
[0 0 8 5] 

* m&&ticm*mm\zi&T't&z.£tfiftfr& a mmimmzmzLtz.. sub/ 

CoZrTa(l n m)/Ta(10-100A)/NiFe(50)/CoFe(10)/Al (3-20)-0x/NiFe(10)/CoFe(2 
0)/Ru(6)/CoFe(20)/PtMn(200)/Ta(50)©$t^iC£^TtK m&<Dl83(kifift <b tltc 

o 

2 3 miE#2 0 0 1 - 3 0 8 0 2 8 4 
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[0 0 8 6] 
[0 0 8 7] 
[0 0 8 8] 

[0 0 8 9] 

3glCTtff«£(D|g6 £#Mlf-££, i 1 0 0 Q //. m 2 J^TU 

i 2t>nbn-A«Ti:ti)*^il<« h>*;i/Ay 7JS i 2*istfx 

[0 0 9 0] 
[0 0 9 1] 

[0 0 9 2] 

m.ffimtmi-&tD%mi}i&Tt)mM tftz z\ ttfftfrz, <&mmxm 

[0 0 9 3] 
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[0 0 9 4] 
[0 0 9 5] 

SC^Stti o~ 6 ~i o" 10 Torr £ L, iiicSfcHi, *iSi#x £^A L 

[0 0 9 6] 

r<z)i^©^A^.x Affile «fc yj^co^®iHiia©ftfffli^T*#sr £tf£>fr<&. #fc 

#A#*#E#1 0~ 6 ^<bl 0 -9 Torr^-r-5 3il-e^(7)TO^®tHIi£!i$: 5 Aj^T 
[0 0 9 7] 

3gK#*L<ttl 0" 7 ^P,10" 8 Torrfc-rs-fc^ $ £ IC IHI£! I ©0J#^'5r 
[0 0 9 8] 

&^0^®¥^®IHri«ittJKT^mi-JK*^©iR!fi^ffii»JBc (PtMn) (Z)W* 
®tHTiaS:^ i L/TV%So Z.ZV<Dmmi&l$Sub mffi.1 0) /CoZrTa(l ^ m) (T 
apm«M9) /Ta(l0 0 A) (Till) &#^LfcjttCJiS3<0<fc5CJ&Itl£<3D 
#A3tf^^JE&fla»LT/PtMn(200) CR&«ffi*K2 )/CoFe(20) 3fflitti 
113 A) /Ru(6) («tti!3B) /CoFe(20) (3M <Z>fBtt?iJg3 C) /NiFe(10 
) (11*114) Lfcfc©T*&<5. 
[0 0 9 9] 
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3, Avm&mmn^mmmwa&mzmm&mazmLT^fco 

[0100] 
[0101] 

3tf)B#, «^5:Sub/CoZrTa(l / am)/(Ta,Zr,Hf ,Ti)(100A)/PtMn(200)/CoFe(20 
)/Ru(6)/CoFe(20)/NiFe(10)/Al(6)-0x/CoFe(10)/NiFe(50)/Ta(50) h L£„ 
[0 10 2] 

#3BHJitf>Ta, Zr, Hf Ti& £jgM&f&# (1 0~ 8 Torrj^_t, .«fc »J#* L < & 1 0 
[0103] 

Z>t>K Ta, Zr, HffCi£«^£ fcSB38Ffc3c#H: jie>*lfcv*r t^S. r<£> J: 3 
[0104] 

&s= ±mmi o<Dm&t.m-'X*$>z> 0 mmmtmiz. ±mm&mmm 
ffi(D^ma<D&mizttmvT±M--tz>t>\ mmmA$-f±iti o~ 2 Torrj;u^< 

[0 10 5] 
[0 10 6] 

a 1 2 izm^mmmmmdh(D^^mm : &m^^x^^ a 

[0 10 7] 

3£>B^ ^J&£Sub/CoZrTa(l^ m)/(Ta,Zr,Hf ,Ti) (100A)/PtMn(200)/CoFe(20 
)/Ru(6)/CoFe(20)/NiFe(10)/Al(3-20)-0x/CoFe(10)/NiFe(50)/Ta(50) £. Lfc 0 
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[0 10 8] 
[0109] 
[0 110] 

£ ZL il <b CoFe/Ru/CoFe/N i Fe £ £ |^<««^ £ *, 0 t; ^ T £ L T f&BI 

[0111], 

fit, ^i^C, PtMn_h{c^i-^CoFe5:^t-^l^{Ct)a«MM$: 0°C 
&sTt LXf&m-tZ>Z.£T% ^(DCoFemm^^mmB^m l 2 fC^I-ptMntf)-^ 
IHldi £ e« W84©*£* £ ft o fc 0 

[0 112] 

£<bfC, CKDfSIItt, «®ISj*&33»JCLfe«J«, BPtu Sub/CoZrTa(l/*m)/(T 
a,Zr,Hf ,Ti)(100A)/NiFe(50)/ CoFe(lO)/ Al (3-20) -Ox/ NiFe(10)/CoFe(20)/ R 
u(6)/ CoFe(20)/ PtMn(200)/ Ta(50) tCj3V>T%fiPB|-e&o tc 0 
[0113] 

013 ttM&i&ffi H. « IS (C £ g&3M#<Z>> JS #c#T* & -5 0 

[0114] 

^(DH^ ^F^$:Sub/CoZrTa(l /a m)/(Ta,Zr,Hf) (100A)/PtMn(200)/CoFe(20)/( 
Ru,Cr,Rh,Ir,Ti) (4-16) /CoFe(20) /NiFe(lO) /Al (3-20)-0x/CoFe(10) /NiFe(50) /Ta 
(50)£L£ o 

[01 1 5 ] 
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[0 116] 

[0 117] 
[0 118] 

3 <D & Sub/CoZrTa (1 a m) / (Ta ,Zr ,Hf ) (100 A) /PtMn (200) /CoFe (20) / ( 
Ru,Cr,Rh,Ir) (4-16)/CoFe(20)/NiFe(10)/(Al (3-20)-Ox,Ta(3-20)-Ox,Al (3-20) -N 
x,Mg(3-20)-0x,Si(3-20)-0x)/CoFe(10)/NiFe(50)/Ta(50) £ Lf=. a 
[0 1 19] 

[0 12 0] 

. *^©Jtii!i:L'rfflV^fcSi0xS:AUTJiilOTMv^fc»^ mffimt 

[0121] 

[0 12 2] 

£0)8^ fifj^SrSub/CoZrTadAt m)/Ta(100A)/PtMn(200)/CoFe(20)/Ru(6)/CoF 
e(20)/(Co,FeCo,NiFeCo,Fe) (1-25) /Al (3-20)-0x/CoFe(10)/NiFe(50)/Ta(50) £: b 
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[0123] 

err?&s. i i»±Ti^^-;vKni4, i5{c±r*n# 

mi 3, i 9 *fri,xm%:<Dm(Dmi$mmzn. /^--^stis^iiic&s 
. fit, ^^>h>^M^MH flratfMMtffi 2T*mmzn 

[0 12 4] 
[0 12 5] 

01 8«*|6^<Z)Xtr> h>*;i/#&&ffi&*|£&ilt^ffi3 0. 4/tm, jR^- 
flgO. 4/tmi:U »^LT?KE^^bJKi:LTCoCrPt3!c^«iaJgS:BBfllLfc«r 

[0 12 6] 
[0127] 

Ell 9 l±*^«©^fcf> h>*^^tn:^iR^=S:3S»S^^y KlcMv^ : 
[0 12 8] 

mi 9 tczRf ^iB^s^^gtt, Mfr/B©^-* i o n?iaiK , rsfls^iB» 

jSEftl 0 2©$&CSB»®lC*fLT, fB^#^^\^ F10 3 3 > 1 0 
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4, 7-A 1 0 51CJ: y*yf*We>n, 7^faX-^10 6CJ:otraiI 
[0129] 

seemly f i o 3 i o 2 izmmznt~mmitH$i-tz>m 
m*mo*mfiv>mi u> 2^02 (b) 

[0 13 0] 

mmn^mmt. mmn^v F103 ^©ta^i?^-* 107 ^e>©# 

^tCJ:yff*5*l«. ZLGpSB»#£*-**;i/l 0 7, IE»lf£'\v Kl 0 3, dtf) 
H^/\vy Kl 0 3 7 *^n.x-# 10 6, X.Tf&&&&m<*l 

0 2 £EIifg£-&£|g«rS<D^E-# 10 211 fflm=L-V h 1 0 8 T*0J^I3 tv€> 0 
[0131] 

[0 13 2] 

m m'& v w.m m iz * ^ tMftmm. & m -t * n° y h y * jvmMmmm^m & £ r>* x 

o 

[0®tfm#&M] 

[01] 

0i (a) ##§BJ3<z>fli ©JlttWcjfttf £*t? y Vy*)hm%&mh$km 

^<z>-®®v&m^mx*$>v. mi (b) n ^^©^©j^wc^s^t: 0 

[0 2] 
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0 2 (a) it. *mm<Dm3(DMzfa®nz1&vz>x¥y h>^;i/iMMi 

[04] 

04 (a) it. *mW(D*&y h >^;H^liMi?©#Mia5:iit 

§B-Hftiti>u, 04 (b) «, *^^©xtf> h^^^ai^ma**^ 

[0 5] 
[06] 

me it. ^mm<D^^yhy^jvmM.mmm^m^(Dm^m.tfL(DAvrm^ 

[0 7] 
[0 8] 
[0 9] 

Had *^«©xtr y by*)imm.mffim&mm*<DM®.mmmmwdh<D. 

[01 0] 

01 oit. ^mM<Dx^yby^jvmn t mmm^m^(Dm^.mmm^mB<D. 
[011] 



3 1 
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[012] 

si 2 ft, *»«©-^t:> by*)mnmffim^m*<Dm&mmmma<Dm 

[013] 

01 3 ft, #38t80>;*fcr> h>^;b^Sm?*^<Dt§fn^#(Z)#^(4jf J?#c 

[014] 
[015] 

0 1 5 ft, #38tE<Z)X tf> h >*^»^»*JK©«trt^fc5»s©'#®«ffiJi 

[016] 

®07?&£o 

[017] 

0i7ft, #3&iflt&a-*M*fc:> h>^;i/^sm^^©-Sl5#M® 
033<fctfIE?ff0-e&.5o 
[018] 

01 8ft, ,*»9!©Xtr > h>^;U^^^^<Z)MRffi^T?S>5 0 
[019] 

019ft, *#§0^(D^ti o > by^jvm^mmm^m^n^^ ^Km^t-mm. 

1 -TMM 

3 A-fg3(Z)^MI 
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3 B~&m&mm 

3 C-»4©«tttBt 

4 1 (Z)«ffif»« 

5 ••• h >^;wt'J 71 

9 -T»««M 
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0 
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1 
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mmm 


1 


3 




±mmmm. 
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[Si] 



EI® 



(a) 



8. *£«SgKxa 



7. mm 



8. MUBCIKXUt 



1 2. £81 




2. ssvtti 

1. TttUB 



6. 12©«ttlS 

5. h>*A/tij7l 

1 2. £88 
9. T8P«i* 

10. 
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7. ±9«H 



(b) 




8. *wmm\i 

K^. JOT ^»T^^^> 



2. S««ttll 

3 a. i3<oen»ii 

3 B. #81418 

3C. £4<D«ftiSK 
4. 3H<0*tta« 

1 2. fcJIJi 



8. 



9 . jstms 

1 0. i« 



i. im 
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[05] 



9. TtetfiB 



AIM. 



(a) 



V V V 

5. kvSju^JtI 



3C. S4Q«ttm 



3b. mm 



1. TM 



9-T81SM 



10. IS 



(c) 



4- SI 



2. satitmi 



9. TStftl 



10. Iff. 



(b) 



7. 1SSW1 



6. S2®«tta« 



5. hV?;W<'J7S 



4. xiowum 



3c. aj^BM 



3B. jfflttai 



3A. 13^flJB 



2. mssm*. 



3. TStSi 



10. US 



(d) 
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[08] 
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30 -- 
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tt 20 
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• C3A0.1A 

■ HdblA 

A C3db3A 
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v HdbloA. 
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254 

20 

* 

tit 

a 154 

it 
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A Al-Ox 

• Ta-Ox 
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O MgOx 

V SiOx 
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[016] 



8. *&«EMX(2 



12. mm 



1 1. xeyhy*mn,m®%& 



1 5. iy-Jl/K 




13. 'ItftBttft 




14. Tv-J^K 



8. ^ISSSJIXIJ 



1 2. ««■ 



.19 
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